The objective of the study reported here was to evaluate the therapeutic effects of hapten-enhanced chemoimmunotherapy in the treatment of advanced lung cancer by ultra-minimum incision personalized intratumoral chemoimmunotherapy (UMIPIC) and to analyze the effect of this immune booster. Materials and methods: A total of 97 patients with advanced lung cancer were treated with UMIPIC or intratumoral chemotherapy (ITCT). UMIPIC was delivered intratumorally in combination with a proprietary therapeutic regimen composed of three components -an oxidant, a cytotoxic drug, and hapten. ITCT applied using the same procedures and regimen, only without hapten. All data from the two groups were reviewed and analyzed. A total of 55 patients were treated with UMIPIC and 42 with ITCT. Patient responses were assessed with computed tomography scan 4-6 weeks after treatment, and all of the patients were followed until their deaths. Results: Median overall survival was 11.23 months in the UMIPIC (test) group and 5.62 months in the ITCT (control) group (P,0.01). The 6-month and 1-year survival rates of the UMIPIC and ITCT groups were 76.36% versus 45.23% (P,0.01) and 45.45% versus 23.81% (P,0.05), respectively. Two cycles of UMIPIC treatment (n=19) conferred a significant survival benefit compared with two cycles of ITCT (n=29); significant benefits in survival time were also found with UMIPIC (n=20) compared with ITCT (n=13) when both were utilized without adjuvant treatment.
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O R I G I N A L R E S E A R C H
Routine clinical treatments include surgery, radiation therapy, and chemotherapy. The 5-year survival rate for all stages combined, however, is only 16%. 1 Currently, as a first-line treatment with chemotherapy, several agents clinically approved in targeted therapies for lung cancer are in ongoing development such as bevacizumab (Avastin ® ) 3 and erlotinib (Tarceva ® ), as well as the second-generation drugs Gilotrif (BIBW 2992) 4, 5 and crizotinib (Xalkori ® ). 6 However, they still exhibit toxicities and have limitations due to the differences in the molecular and histological profiles of lung cancers. 7 UMIPIC is a new option for cancer treatment, as it integrates local chemotherapeutic effect with systemic antitumor immunity by intratumoral drug delivery. We have applied UMIPIC in the treatment of advanced lung cancer with a compounded solution including three components: an oxidant, a cytotoxic drug (cytosine arabinoside [Ara-C]), and hapten. 8 Previous animal studies showed that a clinically approved oxidant can effectively coagulate tumor mass thoroughly by denaturation, which kills more than 90% of the tumor mass, reduces blood flow, and entraps the injected cytotoxic drugs at a high concentration within the coagulated tumors (.10× than conventional chemotherapy) for sustaining drug release. The cytotoxic drug Ara-C can continue to kill tumor cells that were not destroyed by coagulation. At the same time, autologous tumor-associated antigens that are also released from the dead tumor can trigger immune response as a self-vaccination. Meanwhile, hapten binds to the tumor-associated antigens to increase the specificity of these antigens and further boost systematic hormonal and cellular immunity for the suppression and eradication of tumor recurrence and metastasis. In the last decade, we have tried this treatment using combination of drugs with or without hapten in patients with advanced lung cancer. The data have not been published until now, as the combination of two chemotherapeutic drugs and an oxidant with or without hapten in lung cancer treatments was still undergoing clinical research. The data from two groups treated with a single drug have now been collected and analyzed, and the role of hapten in UMIPIC evaluated.
Materials and methods
Patient selection and data collection
Patients were informed of details of the study procedure and agreed to participate by signing informed consent and the ethics committee in the author's hospital. The Ethic Committee (EC) approved this study (EC approval letter #: TMBFZLLYoo1). In total, 97 of 120 patients with advanced-stage lung cancer were enrolled in the two groups for the study (Beijing Baofa Cancer Hospital, Beijing, People's Republic of China). The baseline characteristics of the patients were well balanced between the two groups (Table 1) , with no significant differences observed (P.0.01). The complete survival data obtained were analyzed. Test group patients (n=55) received UMIPIC, with 19/55 of the patients receiving two cycles of treatment with UMIPIC, and 20/55 of the patients receiving UMIPIC without adjuvant treatments. Control group patients (n=42) received intratumoral chemotherapy (ITCT), with 29/42 receiving two cycles of treatment with ITCT, and Figure 1) .
Having injected the combined solution, the physicians would observe the density values by CT at a point or area of interest of the tumor (indicating drug diffusion in the tumor) and related complications such as hemorrhage around the needle track by CT scan imaging. Second and third cycles of treatment are usually required for better efficacy compared with one cycle of treatment. The patients should be re-examined by CT 4-6 weeks after the last therapy, and some patients in our study were treated with a second cycle of treatment.
Assessment
The response to treatment was evaluated by the solid tumor effect evaluation criterion of the European Organization for Research and Treatment of Cancer and the Response Evaluation Criteria in Solid Tumors (RECIST) made by National Cancer Institute (USA and Canada) in October 1998. 9 All case report forms were filed by the treating physicians in the study hospitals.
Statistical analysis
Statistical analysis was done by Binzhou Medical College (Binzhou, People's Republic of China). The primary objective was to evaluate the overall survival (OS), which was defined as the duration from the first treatment to patient death and was estimated using Kaplan-Meier analysis. The secondary objective was response rate at 4-6 weeks, defined as the proportion of patients with complete response (CR), partial response (PR), or stable disease (SD) after the treatment, using the RECIST (v 1.0). Comparison of effective rate was calculated with the chi-square test. Statistical analysis was conducted with SPSS 13/42 of the patients receiving ITCT without adjuvant treatments. Primary lung cancer patients in advanced stages and/or with metastatic cancers (confirmed by imaging and pathologic examination or cytological diagnosis) from November 1999 to September 2006 were analyzed. Data were collected from case report forms filed by physicians from their hospitals. There were three types of data: clinical characteristics data, follow-up time, and response data ( Table 1) . For each patient, the first follow-up visit was scheduled 1 month after treatment initiation and then scheduled on a monthly basis. The records were updated after each follow-up visit.
ITCT and UMIPIC preparation
The solution of drugs for UMIPIC was freshly prepared before each intratumoral injection with three clinically approved components: an oxidant, a cytotoxic drug, and hapten. The solution for ITCT contained an oxidant and a cytotoxic drug but no hapten.
Treatment delivery
All patients had a lung computed tomography (CT) scan as a pretreatment baseline. Routine examination of cardiopulmonary function was also done. Bucinnazine hydrochloride injection (0.1 g) and hemocoagulase atrox for injection (1 Klobusitzky unit) were injected intramuscularly with the patient lying supine or laterally for accurate location. Prior to UMIPIC, the patients were asked to fast without water for 14 hours prior to this therapy in order to avoid side effects and infections from this therapy.
After routine disinfection, draping, and local anesthesia with 2% lidocaine, a 25 gauge spinal needle was inserted into the tumor under CT guidance, and the needle tip in the tumor was monitored by CT. The core of the needle was taken out and the inflator was connected and used as a high-pressure syringe (inflation device, 30 atm/bar; Merit Medical Systems, West Jordan, UT, USA), then the injection of solution was performed.
UMIPIC and ITCT have the same therapeutic procedure, which is minimally invasive and simple like a needle biopsy. The UMIPIC or ITCT was delivered by a spinal needle inserted into the tumor, as just described, and the solution was pressurized (at the level of atmospheric pressure) to obtain the full distribution of the clinically approved regimens in the tumor under CT imaging guidance. A Picker IQ CT unit was used for single-slice scanning and monitoring of the density changes in CT value at a point or area of interest in the lung 
Results
Patient characteristics
At the end of follow-up, 97 of the 120 patients enrolled had completed the study and had their survival data analyzed. Of the 97, 55 patients received UMIPIC and 42 patients received ITCT. In the UMIPIC group, 43 cases were male and 12 were female, and members were aged between 28 and 76 years old, with a median age of 59±11 years; 83.6% were diagnosed as having stage III and IV cancer according to tumor-node metastasis (TNM) classification. Histopathology results indicated that 26 (47.3%) of the patients had squamous cell carcinoma, 15 (27.2%) had adenocarcinoma cell carcinoma, and 14 (25.5%) had mixed or uncharacterized lung cancer (based on biopsy diagnosis). In the ITCT group, 33 cases were male and 9 were female, and members were aged between 19 and 85 years old, with a median age of 55±12. In this group, 6 (14.3%) patients had adenocarcinoma, 17 (40.5%) had squamous carcinoma, and 18 (42.8%) had mixed or uncharacterized lung cancer (based on biopsy diagnosis). The baseline characteristics of the patients were well balanced between the two groups ( Table 1) .
Efficacy evaluation
The median OS (censored observations; surviving patients still in follow-up) was 11.23 months in the UMIPIC group and 5.62 months in the ITCT group (Table 2) . This represents a significant difference between the two groups (5.61 months longer) (P,0.01) (curves [Kaplan-Meier] for both groups are depicted in Figure 2A ). With a statistically significant difference, the 6-month survival rate was 76.36% Figure 1 The ultra-minimum incision personalized intratumoral chemoimmunotherapy procedure. Notes: 1) Guided by computed tomography, the needle is inserted into the tumor, connected to the inflator, and introduced intratumorally with the optimal route and angle; 2) the regimen is slowly delivered into the tumor; 3) with high pressure supplied by the inflator, the solution penetrates the extracellular matrix of the tumor and facilitates diffusion. (Table 3) . Notably, members of the UMIPIC group who received two cycles of treatment had a survival advantage over those in the ITCT group who received two cycles of treatment. We evaluated the efficacy of two cycles of treatment in UMIPIC and ITCT refined groups, and this showed that the 6-month survival rate was 100% versus 72.41% (P,0.05) and the 1-year survival rate was 73.68% versus 37.93%, respectively (P,0.05) ( Tables 4 and 5 ). The median OS was 14 months for UMIPIC and 7 months for ITCT, representing a significant difference (7 months longer) between UMIPIC and ITCT patients who received two cycles of treatments (P,0.01) (curves [Kaplan-Meier] for all groups are depicted in Figure 2B ). Two cycles of treatment demonstrated more powerful debulking in the main tumor mass than a single cycle of treatment, and provided a better balance point for immunological power to eradicate more tumor cells (which are unaffected by UMIPIC) after UMIPIC killed the main mass of the tumor.
In the two groups, the complete survival data of 33 patients receiving UMIPIC (N=20) or ITCT (N=13) without adjuvant therapy (surgery, radiotherapy, or chemo-radiotherapy) were also analyzed, and a statistical difference in median OS of 11 months versus 4 months (7 months longer, P,0.05) (Table 6 ) between the UMIPIC and ITCT groups, respectively, was shown. The 6-month survival rate was 80% with UMIPIC versus 30.1% with ITCT (P,0.05), and the 1-year survival rate was 50% with UMIPIC versus 15.38% with ITCT (P,0.05; Table 7 and curves depicted in Figure 2C ). Comparisons of UMIPIC with ITCT (Tables 6 and 7) suggest that UMIPIC monotherapy has a better impact on patient survival rate than ITCT.
The response rates (CR + PR + SD/total) were 81.8% and 83.3% in the UMIPIC and ITCT groups, respectively, indicating no significant difference (P=0.055) ( Table 8) . It is necessary to note that the slight size increase of the tumor mass observed clinically in both groups at first CT examination was likely due to inflammatory response induced by coagulation, while after the addition of hapten in UMIPIC, more immunological response activities were induced on inflammations. 10, 11 Encouragingly, some of the remarkable responses in advanced cancer patients provided proof of the greatest effect on patients in the UMIPIC group ( Figure 3A and B) .
Complications
The related complications included temporary mild fever (not over 38°C) for a few hours, minor pain at injection area, aerothorax in four cases, and leukocytopenia (within normal range) ( Table 9 ). There were no patients with hemorrhage around the tumor or observed needle track after therapy. No significant systematic or local adverse effects were observed, and side effects such as myeloid suppression, neutropenia, thrombocytopenia, GI toxicity, and apparent loss of hair or appetite were not observed.
Discussion
Worldwide, lung cancer is still one of the major deadly diseases. Local treatment, like surgery and radiotherapy, is the primary curative therapy for patients in the early stages of lung cancer. Approximately 54% of patients present a metastasis at diagnosis due to lack of clinical symptoms at the early stages, which tends to result in an extremely poor prognosis with an overall 5-year survival rate of 3.8%. 12 For most advanced lung cancers, standard chemotherapy involving pemetrexed, 13, 14 oxaliplatin, 15 and docetaxel, 16 is generally the mainstream of management, but apparently this has reached a plateau with disappointing outcomes. 17 Despite the introduction of a series of targeted drugs for patients with epidermal growth factor receptor mutations (gefitinib or erlotinib) 18, 19 and ALK rearrangement (crizotinib) 20 in the past decade, the survival rate still has not been significantly improved. Today, immunotherapeutic interventions, including vaccine therapy derived from lung cancer cell lines (or tumor-associated antigens) and immune-stimulatory checkpoint antibodies, although traditionally not considered possible treatments for tumors, may improve outcomes in lung cancer. Moreover, the combination of immunotherapy and chemotherapy, or "chemoimmunotherapy", has been successfully applied clinically. [21] [22] [23] "UMIPIC", described in this clinical study, is a patented therapeutic method for treating solid tumors, and was explored patients from this hospital with personalized dosages based on tumor size while utilizing patient-specific in vivo modified autologous tumor antigens as a self-vaccination to tumor-specific response. The regimen is a personalized and freshly prepared compound solution containing an oxidant, a cytotoxic drug, and hapten. Each component plays a vital role in the therapy.
"Intratumoral therapy", characterized as high local drug concentrations with minimal systematic toxicity, is an outstanding and attractive alternative to systematic treatment, with increasing evidence of its clinical benefits. 24, 25 The intratumoral delivery approach, integrated with the coagulation induced by the oxidant, can significantly increase the local accumulation of drugs (up to 10-100× that of systemic administration). 8, 26 Intratumoral therapy the oxidant acts as the main force in the debulking of the fibronectin, proteoglycans, hyaluronic acid, and other large molecules, creating a soft, semisolid, or solid mass with destroyed metabolism and induced fibrosis generation. It may also destroy the environmental conditions for tumor cell growth which was found in our previous animal experiment. 27 More importantly, we not only found lymphocyte infiltration in the tumors, but also more positive cluster of differentiation (CD) 4
+ and CD8 + in the animals studied; and recently, we also found dendritic cells (DCs) and debris of tumor cells under electron microscopy ( Figure  4) . Therefore, coagulation is one of the major ways of improving drug utilization by extending the duration of drug action, as well as systematic drug exposure through sustained drug release, with greatly reduced toxicity 28 and the induction of a possible immuno-capability against cancer cells in the body. A sustained release was observed in another clinical study. We separately performed intratumoral injection of 99Tcm-labeled Ara-C combined with an oxidant and 99Tcm Ara-C alone in two tumor masses in the same liver of a hepatocellular carcinoma patient. We found that drug retention was 82% versus 16% at 12 hours in each tumor and 60% versus 0% at 24 hours in each tumor after injection ( Figure 5 ). Moreover, with the presence of the inflator, it is particularly important to note that the advantage of this approach, which includes high-sustaining and homogeneous drug diffusion in tumors, could present a satisfying clinical outcome. Compared with chemotherapy, the side effects Figure 5 Comparison of retention rate of cytosine arabinoside (Ara-C) with and without intratumoral injection of oxidant. Notes: (A) Fifteen minutes after the injection of Ara-C with cytotoxic oxidant (a group) and Ara-C alone (b group), with the retention rate of 100% in both the (a) and (b) groups. (B) Four hours after injection of Ara-C with cytotoxic oxidant (a) and Ara-C alone (b), with retention rates of 82% and 16%, respectively. (C) Twenty-four hours after injection of Ara-C with cytotoxic oxidant (a) and Ara-C alone (b), with the retention rates of 60% and 0%, respectively. This was a clinical pharmacology study in a hepatocellular carcinoma patient with two tumor masses under nuclear camera; 99T cm-labeled Ara-C was successful, with a 99.9% labeling rate measured; 0.5 mCi of 99Tcm Ara-C in cytotoxic oxidant (a) and the same dose of 99Tcm Ara-C in normal saline (b) were injected into two tumors in the liver and observed for 99Tcm isotope activities at different time points under single-photon emission computed tomography using a GEStarcom400.
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Yu et al of UMIPIC include mild fever, local pain, and accidental aerothorax, which occurred in four cases in this study, but all with an improved quality of life. Aerothorax is one of the related complications of biopsy in the chest. 29 Although it only happened in a few patients and these recovered spontaneously afterward. However, to reduce the possibility of aerothorax, it is suggested to keep the syringe filled with the compound solution before withdrawing the needle, and that patients be asked to inhale to block the needle track. The shortest distance and an ideal angle from which to puncture the tumor are the prerequisites to avoid complications. Latent metastatic cells brought along the needle track are killed by drops of compounded solution left in the needle track, so no cases with local metastasis were found in our study.
Creating an in situ vaccine depot in the tumor due to the release of tumor-specific antigens by the killed tumor cells is another intriguing factor in the process of ITCT. 30 Furthermore, UMIPIC can not only induce the in vivo vaccine-like effect, but also enhance significantly the systematic immunity through the addition of hapten. When multiple autologous tumor antigens were released from the apoptotic or necrotic tumor cells induced by the coagulation and cytotoxic drug, cell death can be a priming event for T-cell response and can induce potent immunity. These cell deaths, called a "good death", 31,32 elicit a weak immune response as an in vivo selfvaccination promoted by immunologic modulator, that is, the small-molecule hapten inlaying the denatured tumor, and the modified cell debris or matrixes with tumor antigens became a new complex, more specific to the host immune system. This will generate stronger tumor antigens, referred to as an "autologous tumor vaccine", making the tumor itself more immunogenic to cancer cells.
In view of the optimistic survival advantage of UMIPIC therapy, we further analyzed the data for members of the UMIPIC group who also received conventional treatments. The median OS of patients in the UMIPIC group who received conventional treatments was 11.23 months ( Table 2 ), and that of those who received UMIPIC alone was 11 months (Table 6) , indicating the combination treatment may not sufficiently prolong the survival time compared with UMIPIC alone. In addition, according to clinical observation, the patients who received two cycles of treatment with UMIPIC had a median OS of 14 months (Table 4 ) and superior survival rate (Table 5 ) compared with those who received a single cycle of treatment. This may be attributed to the long-term immunological memory induced by the constitutive release of antigens, leading to a more effective antitumor response. With less tumor load, the debulking effect of UMIPIC resulted in better control of the residual cancer cells by immunological cells.
It is presumed that the inflammatory response, induced by coagulation and hapten, may also be involved with the antitumor immunity. The migration of APCs to the inflammatory tissue can enhance the capture and processing of tumor-associated antigens released from dead tumor cells to draining lymph nodes by APCs. This drives a desired antigen-specific immune response to further eradicate cancer cells at distant sites.
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Conclusion
The systemic immunity against patient-specific tumorassociated antigens was significantly boosted by increasing the presentation of antigens modified with hapten via APCs (including DCs and macrophage) to class I and class II pathways (to CD4
+ and CD8 + T-cells). Systemic immunity has the potential to generate immune effector responses and immune memory, 34, 35 and to recognize and destroy the residual lung cancer cells that initial coagulation missed in and around the primary tumor and micro-lesions after the UMIPIC. Examples of the elevation of systematic immune response were observed in our animal trial with high levels of CD4 + /CD8 + .
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This clinical study showed that UMIPIC can induce more inflammatory responses in local tumors and showed a significantly prolonged survival time for patients with advanced lung cancer compared with ITCT in all aspects (Tables 2 to 7) , and the addition of hapten in UMIPIC demonstrated a significant role as an immunological booster in terms of prolonged survival time.
In summary, UMIPIC for lung cancer is a noninvasive and potentially effective therapy with a satisfying profile of high specificity and prolonged survival time. It offers the prospect of tailoring treatments much more precisely and could lead to a better response, especially in patients with advanced-stage inoperable or drug-resistant types of lung cancer. More effective control of the disease is needed for us to investigate UMIPIC with two cytotoxic drugs and hapten under clinical study; it may reduce the number of injections and be more convenient to good practice.
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